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What are plasmodesmata?  
The word plasmodesma derives from 
the Latin ‘plasmo’ meaning fluid and 
the Greek ‘desma’ meaning bond. The 
origin of the word exactly exposes 
the function of plasmodesmata. Plant 
cells are encased in cell walls that 
form the plant skeleton, enabling and 
stabilizing three-dimensional growth. 
Just think what would celery be 
without plant cells walls? However, 
the presence of abundant extracellular 
cell wall material means that plant 
cells physically do not touch. To 
enable intercellular communication, 
plants have evolved cytoplasmic 
bridges, called plasmodesmata, 
which span cell walls, linking the fluid 
cytoplasm between adjacent cells. 
A generic plasmodesma has two 
major components: membranes and 
spaces (Figure 1). Membranes form 
the boundaries of the plasmodesmata 
channel through which transport 
may occur. The plasma membrane 
between adjacent cells defines the 
outer limit of plasmodesmata. The 
axial center of the plasmodesmata, 
the desmotubule, is derived from 
juxtaposed endoplasmic reticulum 
(ER) which is continuous between 
cells. The region between the 
desmotubule and the plasma 
membrane is the cytoplasmic sleeve, 
the major conduit for molecular 
passage. The cytoplasmic sleeve 
contains components (Figure 1, 
circles) that bridge the aperture 
between the plasma membrane and 
desmotubule to regulate and facilitate 
plasmodesmata structure and 
transport. For example, the presence 
of actin and myosin along the length 
of plasmodesmata provides for a 
possible contractile mechanism to 
regulate plasmodesmata aperture.
What do plasmodesmata do? 
Historically, plasmodesmata were 
seen as facilitating traffic of low 
molecular weight growth regulators 
and nutrients, such as the abundant 
products of photosynthesis. The 
evidence for macromolecular 
transport via plasmodesmata was 
Quick guide based entirely on the pirating of these channels by plant viruses 
during infection. In the last 10 
years, evidence for plasmodesmata 
function in transport of endogenous 
macromolecules has sky-rocketed. 
Proteins, mRNAs and gene silencing 
signals use these channels for 
movement. 
As plant cells do not move, 
positional information is crucial to 
determine cell fate. Temporal and 
spatial regulation of gene expression, 
as well as intercellular communication, 
are global mechanisms to control 
developmental programming in 
multicellular organisms. Signals 
can be transmitted via receptor 
ligand interactions in both plant and 
animal cells. But plasmodesmata 
provide plants with a unique means 
of intercellular communication 
whereby each plant cell has the 
ability to form direct conduits to 
its neighbors, forming domains of 
cells sharing common cytoplasm. 
Furthermore, plasmodesmata have 
different degrees of aperture in 
different types of cell and tissues. 
Thus, plasmodesmata are not 
passive channels, but instead 
plasmodesmata are critical players 
controlling intercellular transport of 
macromolecules between particular 
cells, at different developmental times.
Plasmodesmata are especially 
significant in vascular transport as plant 
veins are connected to the surrounding tissues by plasmodesmata. In 
tissues that produce nutrients (such 
as mature leaves) plasmodesmata 
interconnections convey molecules 
‘towards’ the veins, and in tissues that 
utilize nutrients (such as meristems) 
plasmodesmata interconnections 
convey molecules ‘away from’ the 
veins. 
How do we study plasmodesmata? 
Green fluorescent protein (GFP) is a 
godsend for plasmodesmata research. 
GFP is an exogenous protein with 
no particular cellular address 
so that its expression results in 
nonspecific cytoplasmic and nuclear 
localization; but add a localization 
signal sequence, and GFP becomes 
sequestered in the nucleus, ER or 
another organelle. GFP carrying such 
localization sequences does not move 
from cell to cell via plasmodesmata; 
however, free GFP moves readily and 
is useful to assess the connectivity 
between groups of cells in different 
plant tissues. 
Changes in plasmodesmata 
aperture during embryonic 
development illustrate the usefulness 
of GFP. Single, double, and triple sized 
GFP were placed under the control 
of the SHOOTMERISTEMLESS (STM) 
promoter which drives expression 
at the shoot and root meristems 
(Figure 2). Single, double and 
triple- sized GFP then move cell- to- cell 
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Figure 1. Longitudinal section of plasmodesmata spanning the cell wall between adjacent 
cells. 
ER, endoplasmic reticulum; CS, cytoplasmic sleeve; D, desmotubule; CR, central rod; PM, 
plasma membrane; SP, spoke-like connections between the D and PM that may control 
 aperture.  Blue and orange circles represent plasmodesmata-specific proteins. (Adapted from 
Roberts and Oparka, 2003.)
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Charles Darwin, in a letter to Joseph 
Hooker, wrote “I never was more 
interested in any subject in my life, than 
in this of Orchids”. The Orchidaceae 
comprise over 850 genera and 25,000 
species, representing about 10% of the 
world’s flowering plants and the largest 
family in species number. The ease of 
hybridisation means more than 100,000 
hybrids have been created, more than 
any other floricultural crop.
Orchids have a number of 
distinguishing characteristics, though 
no single character defines the family 
(Figure 1): stamens on the abaxial 
side of the flower; stamens and pistil 
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Figure 2. Movement of single-sized, double-sized and triple-sized GFP during Arabidopsis 
 embryogenesis. 
GFP expression is under the control of the SHOOTMERISTEMLESS (STM) promoter which 
drives expression at the shoot and root meristems as revealed when STM drives an endoplas-
mic reticulum tethered GFP (ERGFP). The three sizes of GFP are all soluble; following their 
expression at the shoot and root meristems, they are free to move from cell-to-cell depending 
on the aperture of plasmodesmata. Single-sized GFP (27 kDa) moves between all cells of the 
embryo, so that plasmodesmata aperture allows movement of proteins at least 27 kDa in size. 
Double-sized GFP (54 kDa) moves most readily in the hypocotyl and root, but not in the coty-
ledons. Triple-sized GFP (81 kDa) movement is limited to cells immediately surrounding the 
shoot and root meristematic regions. (Adapted from Kim et al., 2005.)at least partly fused; large numbers 
of small seeds per ovary; a labellum 
or lip (a modified petal) opposite 
the fertile stamen(s); flowers often 
resupinate (inverted so they appear to 
be upside- down); pollen usually held 
in masses (pollinia). But it is the fusion 
of the stamens and pistil to form the 
column or gynostemium that above 
all other characters defines the orchid 
family (except for some members of the 
Hypoxidaceae and Stylidiaceae). The 
family is divided into five subfamilies 
with the Apostasioideae being basal. 
This is followed by the Vanilloideae, 
Cypripedioideae, and then the two 
most species-rich subfamilies, the 
Orchidoideae and Epidendroideae.
The relationship of the Orchidaceae 
to other monocotyledons is poorly 
Figure 1. A typical orchid flower.
Sophronitis jongheana, a typical orchid flower 
with three sepals, two lateral petals, the third 
petal is highly modify to form the labellum or 
lip, clasping the column (gynostemium) which 
is formed through the fusion of the stamens 
and pistil. (Photograph courtesy of P. Cribb.)aperture in the tissues surrounding the 
meristems. ‘This simple experiment 
revealed that there were four distinct 
regions of the embryo with different 
plasmodesmata apertures. The shoot 
meristem had the highest aperture 
enabling movement of single- to- triple 
sized GFP; the hypocotyl (embryonic 
stem) allowed single, double and 
some triple-sized GFP movement; 
the root allowed single and 
double- sized GFP movement; and 
the cotyledons (embryonic leaves) 
allowed only single-sized GFP 
movement. Strikingly, these domains 
of cytoplasmic continuity correspond 
to the basic layout of the organs 
of the adult body. Thus, groups of 
cells with similar developmental 
fates carry plasmodesmata with 
similar degrees of aperture. In adult 
plants, plasmodesmata-mediated 
cytoplasmic continuity is highest in 
young organs and minimal in more 
mature tissues. Thus, plasmodesmata 
connectivity is critical during organ 
formation, providing a means whereby 
groups of cells can exchange 
factors essential for developmental 
programming. 
Where is plasmodesmata 
research going? Plasmodesmata 
are established to play dynamic 
and critical roles during all stages 
of plant development facilitating 
transport of micromolecules and 
macromolecules. The Holy Grail in current plasmodesmata research is 
to elucidate the intricate mechanisms 
whereby plasmodesmata function to 
modify their transport capacities in 
time and space during development. 
To do this researchers are hunting 
for plasmodesmata specific genes. 
Are there plasmodesmata specific 
molecular components that define 
plasmodesmata structure? Are 
there specific factors that regulate 
plasmodesmata function? Such 
analyses will have high impact, 
as intercellular communication is 
fundamental to all areas of plant 
biology and its application.
Where can I find out more about 
plasmodesmata?
Plasmodesmata. (2005). K. Oparka, ed. Annual 
Plant Reviews, Volume 18 (Blackwell Press).
Crawford, K., and Zambryski, P. (2000). Subcellular 
localization determines the availability of 
non- targeted proteins to plasmodesmatal 
transport. Curr. Biol. 10, 1032–1040.
Kim, I., Kobayashi, K., Cho, E., and Zambryski, P.  
(2005). Subdomains for transport via 
plasmodesmata corresponding to the  
apical-basal axis are established during 
Arabidopsis embryogenesis. Proc. Natl. Acad. 
Sci. USA 102, 11945–11950. 
Kobayashi, K., and Zambryski, P. (2007). 
RNA silencing occurs during early plant 
embryogenesis and its cell-to-cell spread is 
dependent on plasmodesmata aperture in 
different cell types. Plant J. 50, 597–604. 
Roberts, A.G., and Oparka, K.J. (2003). 
Plasmodesmata and the control of symplastic 
transport. Plant Cell Environ. 26, 103–124.
Department of Plant and Microbial Biology, 
Koshland Hall, University of California, 
Berkeley, California 94720, USA.  
E-mail: zambrysk@nature.berkeley.edu
